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III MODEL SIMULATIONS, ANALYSIS, AND RESULTS

An array of potential “alternatives” or “options” to supplement the existing water supply have
been identified and considered in formulating a viable, cost effective plan(s) for meeting the
water needs of the Red River Valley.  Some elements may have been studied in the past and
disregarded, but this investigation will revisit these elements as potential sources of water
supply.  

All alternatives will be considered and evaluated in this study.  Some components “washed
out” more easily that others due to flaws such as being too small to meet demands, or due to
environmental concerns.  Alternatives can be generally characterized to fit into two
categories: supply increase options and demand management options.  Supply increase
options include new storage facilities, modifications to existing facilities, improvements in
project operations, implementation, conjunctive use, etc.  Demand management options
include those that reduce the demand on water supplies through such actions as land
fallowing (temporary), land retirement (permanent), and municipal, industrial, agricultural
water conservation, and water reuse.  Combinations of these options have also been
considered.  For purposes of this document, alternatives will be grouped as no-action
(baseline), action-single-component and action-multi-component alternatives.

As part of the Phase II study, scoping meetings were held regarding alternative actions. 
These sessions resulted in the following alternatives and feature components that were
considered in this study.

A.  No Action (Baseline Conditions) Option
?????Existing (Year 1994) Condition Baseline 
? Future (Year 2050) Condition Reclamation Demand Baseline
? Future (Year 2050) Condition Participant City Baseline (HYDROSS 

Model Run P30K50)

B.  Action Alternatives: Single Component (Feature) Options
? Utilizing surface water supplies

 Feature #1: Enlargement of Lake Ashtabula
Feature #2: Construction of Lake Kindred on the Sheyenne River
Feature #3: Construction of Maple River Reservoir for 

                                                      downstream use
                                   Feature #4: Supply Water to the Upper Red River from Maple 
                                                      River Reservoir

Feature #5: Construct off-stream storage near Fargo (ring dike)
Feature #6: Purchase mainstream Red and Sheyenne River surface

                                                      irrigation water rights for change of use to 
                                                      municipal and industrial purposes

? Utilizing ground water supplies
Feature #7:  Secure additional unappropriated ground water and 

                                                      pump from the Spiritwood Aquifer 
Feature #8:  Acquire existing ground water rights by purchasing 

                                                      land from irrigators who are willing sellers
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Feature #9:  Aquifer water storage and recovery (ground water 
                                                      Recharge)

Feature #10: Build desalination plants to treat water from the 
                                                       Dakota Aquifer

? Reusing and conserving existing supplies
Feature #11:  Reuse municipal wastewater from urban irrigation for
                      the cities of Fargo, Moorhead, West Fargo, and
                      Grand Forks
Feature #12:  Develop and implement an increased city water 
                      conservation program for normal (non-emergency)
                      operations
Feature #13:  Drought contingencies - Modify Lake Ashtabula
                      Operation to include minimum pool storage for M&I
                      Supply

? Transfers from out-of basin
Features #14a & b:  Import water to the upper Sheyenne River from 

McClusky Canal at Mile 59 and/or 70
Feature #15:  Import Missouri River water to the upper Red River

                                                        via the Wild Rice River
Feature #16a:  Import water from the Missouri River south of 

                                                          Bismarck, ND to the Red River near Wahpeton
Feature #16b:  Import water from the Missouri River to the

                                                          Sheyenne River near Lisbon and then to the upper 
                                                          Red River (via pipeline) to Wahpeton

Feature #17:  Import water to Rural water systems
Feature #18:  Bismarck (Missouri River water) to Fargo pipeline
Feature #19:  Import Missouri River water via McClusky Pipeline

                                                        To Hillsboro distribution site
Feature #20:  Import Missouri River water to the James River and 

                                                        then to Fargo via a Jamestown-Fargo pipeline
Feature #21:  Rural water systems supplied by Western Valley Red 

          River Pipeline

C.  Action Alternatives: Combination (Multi-Component) Options
· No Action Options

Alternative #1: Future without scenario  
· In-basin Options

Alternative #2:  Construction of Lake Kindred on the Sheyenne River
Alternative #3:  Enlargement of Lake Ashtabula
Alternative #4:  Utilize groundwater augmentation

· Transfers from out-of basin
Alternative #5:    Bismarck (Missouri River water) to Fargo pipeline
Alternative #6:    Lake Oahe (Missouri River water) to Wahpeton
pipeline
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Alternative #7:  Import water to the upper Sheyenne River from the 
McClusky Canal at Mile 59 and/or 70

Alternative #8:    Rural water systems supplied by Western Valley Red 
          River Pipeline from the McClusky Canal
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A. NO ACTION (BASELINE  CONDITION) OPTION

The following model simulations represent baseline conditions by which proposed water
development features will be compared.  Existing baseline conditions are represented by
1994 recorded demand conditions.  Future baseline conditions represent the projected basin
demand conditions (year 2050) as estimated by the Bureau of Reclamation and Participating
cities.  It should be noted that this report will only focus on utilizing the 2050 Reclamation
demand baseline for comparing feature alternatives.  In addition, featured alternative model
runs will also only use Reclamation demands.  The Participant demand baseline run is
presented here for information purposes only. 

1.  Existing (Year 1994) Condition Baseline

a.  Model Run R30k94:  Existing Demand Condition Baseline

Run R30k94 Description: This simulation, developed to represent basin conditions under
the present (year 1994) level of development was based on recorded 1994 demand levels of
municipal and industrial (M&I) water use.  M&I demands were based on information
provided by the participating cities and water right priority dates provided by the NDSWC.   
Irrigation demands in North Dakota were based on water right acreage provided by the
NDSWC in combination with the Modified Blaney-Criddle (Soil Conservation Service,
1970) crop consumptive use methodology at full water right acreage.   Demands in
Minnesota were derived from cities and U.S. Geological Survey (USGS) depletion estimates
(Guenther, et al., 1990).  Tables 18 and 19 list the 1994 M&I demands (annual and monthly)
utilized in this simulation.  

Lake Ashtabula, located on the Sheyenne River was considered to be the major storage
facility in the basin.  Baldhill Dam constructed by the Army Corps of Engineers in 1951
forms the Lake.  Storage began on July 30, 1949.  The original (year 1951) capacity of this
facility was adjusted to account for sediment inflow since construction.  As part of the
simulation, the Lake was operated in accordance with the current operating plan including
drawdown and fill requirements.  The simulation was started with Lake Ashtabula at its
minimum conservation pool and keeping the minimum pool full.  Drawdowns were limited
to elevation 1257 feet MSL and releases were limited to current structural and channel
capacities (2400 cfs).  Final compilations of storage shortages were based on the Thomas-
Acker Plan (North Dakota State Water Commission 1992).  The Thomas-Acker Plan was
simulated by splitting the reservoir into five separate, proportionally sized facilities so that
each city involved could proportionally have inflow, outflow, and evaporation computed
based on its allowed percentage as stated in the agreement.  A 6th reservoir was set up to
mimic additional storage for use by downstream entities as part of the Lake Ashtabula
expansion option.  More detail regarding this procedure can be found in the Lake Ashtabula
description section of the model discussion.  
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A minimum operational release of 13 cfs was included in the simulation based on the
operating plan.   A maximum release of 2,400-cfs (maximum operational level – to account
for downstream channel capacity) and a minimum of 13 cfs were observed in the simulation. 
Lakes Orwell and Traverse, and the Red Lakes in northwestern Minnesota were also included
in the model, but at much less detail.  Rather, historic depleted flows as derived by Guenther,
et.al. (1991) were used to represent operations of these facilities.    

No instream flow requirements were included in this simulation, as there are no state
requirements to maintain instream flows in rivers and streams of North Dakota.  A discussion
and analysis of modeled versus desired instream flow levels for this model run are contained
in the final report of this study as well as in the Phase I, Part B instream flow report (Raines,
1998).

A summary of existing city and industrial shortages, river flow activity and Lake Ashtabula
activity for this run are discussed below and are listed in Tables 20 through 23.  A more
detailed listing of monthly shortages by city can be found in Attachment H discussion of
the run results follows.   

Run R30K94 Results: Under the conditions simulated by this model run, the year with
maximum shortages was 1934.  During this year, M&I shortages were estimated to total
4,210 acre-feet. Of these shortages 2,290 were attributed to cities and 1,920 were from
“other” industry including the Cargill and New Industry plants.  M&I shortages occurred in
11 of the 54 years simulated, most of these being in the 1930s drought period.

Irrigation shortages were also noted for this study.  Irrigation water rights were mostly junior
to M&I rights.  The worse case year for irrigation totaled 11,100 acre-feet in shortages.  The
average annual shortage for the 54-year simulation was 1,300 acre-feet.   Irrigation shortages
were observed in the basin each year.  These irrigation shortages should be viewed with
caution.  They are representative of an attempt to meet full water right crop production each
year.  In reality, during dry years, irrigators with junior water rights may be forced to limit
their irrigation levels to fewer acres.  Also, this analysis does not consider lands placed out of
production as part of a variety of soil conservation and agricultural programs.  The irrigation
portion of this study merely demonstrates a worse case situation with maximum acreage
under cultivation.

Lake Ashtabula proved to be a vital source of water under the conditions of this simulation. 
The reservoir provided water to meet most of the demands for Fargo, West Fargo, Lisbon,
Valley City, and Grand Forks during the simulated 1930s drought.  In fact, Lake Ashtabula’s
entire conservation storage of 40,160 acre-feet was utilized during this period.  The average
monthly lake content for the 54-year simulation period was 63,634 acre-feet.  The average
monthly release from the lake was approximately 102 cfs. 
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Table 20:  City Shortage Summary for Run R30K94
Condition:  Year 1994 demands (existing conditions)

Drayton

East
Grand
Forks1 Fargo2 Moorhead3 Grafton

Grand
Forks2 Lisbon2, 4

Valley
City2

West
Fargo2,5

No. years with shortages: 1 0 0 9 2 0 0 0 0

Average annual shortage
for 54-year simulation
period (acre-feet):

1 0 0 180 5 0 0 0 0

Average annual shortage
for years with shortages
(acre-feet):

30 0 0 1082 140 0 0 0 0

Largest annual shortage
(acre-feet) and year:

30
(1937)

0 0 2290
(1934)

210
(1937)

0 0 0 0

Largest shortage percent
of
  Total surface water
demand
  (percent):

16.2 0 0 53.3 23.3 0 0 0 0

     1 East Grand Forks potentially could have shortages on the Red Lake River.  Since limited detail was included in the
model on the Red Lake River watershed, only shortages pertaining to the Red River of the North are listed.
     2 Fargo, Grand Forks, Lisbon, Valley City, and East Grand Forks storage shortages based on storage allocations as set
forth in the Thomas-Acker Plan (North Dakota State Water Commission [NDSWC] memorandum to Director, Hydrology
Division dated, November 27, 1992).
     3 The city of Moorhead is not supplied by Lake Ashtabula.  Shortages indicated are for the Red River only.
     4 Although Lisbon is not one of the original "Participant communities" of this effort, the city did experience shared
storage and other shortages in several scenarios; therefore, it was included in this table for informational purposes.
    5  No Surface demands existed for West Fargo in 1994.

Table 21: Industrial Shortage Summary for Run R30K94

Condition:  Year 1994 demands (existing conditions)
Existing
Cargill
Plant 1

Wahpeton
No. years with shortages: 10

Average annual shortage for 54-year simulation period (acre-
feet):

189

Average annual shortage for years with shortages (acre-feet): 1021

Largest annual shortage (acre-feet) and year: 1740
(1934)

Largest shortage percent of
  Total surface water demand  (percent):

29

Note:  Cargill plants at Abercrombie, Fargo, Kindred, and Drayton
not considered being in operation for this simulation
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Table 22:  River Flow Activity for Selected Flow Points for Run R30K943

Condition:  Year 1994 demands (existing conditions)

Estimated
Non-

Damaging
Channel

Capacity1,2

(cfs)

Number
Of 

Months
Above

Channel
Capacity

Average
Monthly

Flow
(cfs)

Highest
Simulated
Monthly

Flow
(cfs)

Lowest
Simulated
Monthly

Flow
(cfs)

Sheyenne River
Near Warwick

600 11 49 1421 0

Sheyenne River
Below Baldhill Dam

4000 0 102 2400 9

Sheyenne River
Near Valley City

2500 3 107 2890 8

Sheyenne River
Near Lisbon

2250 5 127 3212 <1

Sheyenne River Near
Kindred

2800 1 159 2984 0

Red River Near 
Fargo

3000 19 552 9897 0

Red River Near 
Halstad

15000 4 1317 20595 8

Red River Near
Grand Forks

21000 8 2669 36189 10

Red River Near 
Emerson

26000 11 3561 72506 9

1. Pat Foley, Corps of Engineers – St. Paul District, Personal Communication.
2. Raines, 1998.
3. Rounded to nearest whole cfs.
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Table 23:  Lake Ashtabula Storage Activity for Run R30K94
Condition:  Year 1994 demands (existing conditions)

Storage Facility
Maximum

Storage
(acft)

Minimum
Storage
(acft)

Average
Monthly
Storage
(acft)

Months
below or at
Minimum
Storage

Maximum
Outflow

(cfs)

Minimum
Outflow

(cfs)

Average
Outflow

(cfs)

Lake Ashtabula
Combined Storage

68160 30101 63634 1 2400 9 102

Lake Ashtabula
(Fargo Portion)

38260 15700 35393

Lake Ashtabula
(West Fargo Portion)

1022 452 974

Lake Ashtabula
(Grand Forks Portion)

21350 9310 20098

Lake Ashtabula
(Lisbon Portion)

409 181 392

Lake Ashtabula
(Valley City Portion)

7157 3161 6777

Maximum
Storage

Minimum
Storage

Average
Monthly
Storage

Lake Ashtabula
Combined Elevation

(feet)
1265.9 1257.3 1265.5

Lake Ashtabula
Combined Surface

Area
(Acres)

5550 3530 5429
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2.  Future (Year 2050) Condition Baseline (No Action Alternatives)

a.  Model Run R30K50:  Year 2050 conditions under projected Reclamation demands with
existing Corps of Engineers Lake Ashtabula operation plans in effect

Run R30K50 Description: This run simulated the Red River Valley under the same
operating conditions as in the above 1994 run but with the exception that year 2050
Reclamation demand conditions were assumed to be in existence.  This demand included
four  “New Industry units” of demand placed on the lower Sheyenne and upper and lower
Red Rivers to simulate potential industrial growth in the study area.  Tables 4 and 5 display
the Reclamation M&I demand levels used in this simulation. 

Irrigation demands were kept at the same level as the 1994 existing condition simulation (run
R30K94).

Lake Ashtabula was operated at a minimum elevation 1257 feet MSL (a capacity of 28,000
acre-feet – adjusted from 1994 conditions to account for sediment deposition).   This was the
starting capacity for the lake for this simulation.  The maximum top of conservation capacity
of the lake, allowing for sedimentation was 66,600 acre-feet.  All other operational
characteristics of Lake Ashtabula were the same as in the existing condition run (R30K94).

A summary of shortages, river flow activity and Lake Ashtabula activity for this run are
discussed below and are listed in Tables 24 through 27. 

Run R30K50 Results: Under the conditions simulated by this model run, the year with
overall maximum shortages was 1934.  During this year, M&I shortages were estimated to
total 53,560 acre-feet.  Of this shortage 31,400 acre-feet was attributed to cities and 22,160
acre-feet was from “other” industries including the Cargill and New Industry plants. 
Shortages occurred in 47 of the 54 years simulated.  The largest shortages occurred during the
extreme drought years experienced in the 1930s .

Irrigation shortages were also noted for this study.  Irrigation water rights were mostly junior
to M&I rights.  The worse case year (1934) for irrigation totaled 14,100 acre-feet in
shortages.    The average annual shortage for the 54-year simulation was 1,600 acre-feet.  
Shortages were observed in the basin each year.  These irrigation shortages should be viewed
with caution.  They are representative of an attempt to meet water right crop production each
year.  In reality, during dry years, irrigators with junior water rights may be forced to limit
their irrigation levels to fewer acres.  Also, this analysis does not consider lands placed out of
production as part of a variety of soil conservation and agricultural programs.  The irrigation
portion of this study merely demonstrates a worse case situation with maximum acreage
under cultivation.

Lake Ashtabula proved to be a vital source of water under the conditions of this simulation. 
The reservoir provided water to meet most of the demands for Fargo, West Fargo, Lisbon,
Valley City, and Grand Forks during the 1930s drought.  In fact, Lake Ashtabula’s entire
conservation storage of 38,300 acre-feet was utilized during this period.  The lake reached its
minimum of 28,000 acre-feet in 71 months of the simulation  (approximately 11 percent of
the total simulated months).  The average monthly lake content for the 54-year simulation
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period was 59,138 acre-feet.  The average release from the lake was 102 cfs.  A maximum
release of 2,400 cfs (maximum operational level) and a minimum of 0 cfs were observed.  
The potential of using a portion of the remaining 28,000 acre-feet (set aside for fish and
wildlife purposes) during extreme drought has been raised as an alternative solution to meet
shortage needs.  This alternative was tested as part of the simulation designated R00K50 (
See Feature #13).  See section 2.b for participant city demand model run P30K50 description
and results.

Table 24 - City Shortage Summary for Run R30K50
Condition:  Year 2050 Reclamation demands (Future Baseline conditions)

Drayton

East
Grand
Forks1 Fargo2 Moorhead3 Grafton

Grand
Forks2 Lisbon2, 4

Valley
City2

West
Fargo2

No. years with shortages: 1 0 11 10 2 0 2 1 15

Average annual shortage
for 54-year simulation
period (acre-feet):

1 0 2146 461 19 0 2 8 104

Average annual shortage
for years with shortages
(acre-feet):

60 0 10536 2487 260 0 60 430 376

Largest annual shortage
(acre-feet) and year:

60
(1937)

0 25330
(1934)

5270
(1936)

290
(1937)

0 90
(1940)

430
(1940

)

1490
(1940)

Largest shortage percent
of
  total surface water
demand
  (percent):

7.9 0 69.2 60.1 49.1 0 24.1 34.3 26.1

     1 East Grand Forks potentially could have shortages on the Red Lake River.  Since limited detail was included in the
model on the Red Lake River watershed, only shortages pertaining to the Red River of the North are listed.
     2 Fargo, Grand Forks, Lisbon, Valley City, and East Grand Forks storage shortages based on storage allocations as set
forth in the Thomas-Acker Plan (North Dakota State Water Commission [NDSWC] memorandum to Director, Hydrology
Division dated, November 27, 1992).
     3 The city of Moorhead is not supplied by Lake Ashtabula.  Shortages indicated are for the Red River only. 
     4 Although Lisbon is not one of the original "Participant communities" of this effort, the city did experience shared
storage and other shortages in several scenarios; therefore, it was included in this table for informational purposes.
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Table 25: Industrial Shortage Summary for Run R30K50
Condition:  Year 2050 With Reclamation Demands

Existing
Cargill
Plant 1

Wahpeton

Potential
New

Industry
Plant 2
Fargo

Potential
New

Industry
Plant 3

Abercrombie

Potential
New

Industry
Plant 4
Drayton

Potential
New

Industry
Plant 5
Kindred

No. years with shortages: 14 21 22 5 47

Average annual shortage for 54-year
simulation period (acre-feet):

788 1006 1016 93 962

Average annual shortage for years with
shortages (acre-feet):

3039 2587 2493 1000 1105

Largest annual shortage (acre-feet) and year: 5500
(1934)

5500
(1934)

5500
(1934)

1500
(1934)

4080
(1936)

Largest shortage percent of
  total surface water demand  (percent):

92 92 92 25 68

Table 26:  River Flow Activity for Selected Flow Point for Run R30K503

Condition:  Year 2050 With Reclamation Demands 

Estimated
Non-

Damaging
Channel

Capacity1,2

(cfs)

Number
Of 

Months
Above

Channel
Capacity

Average
Monthly

Flow
(cfs)

Highest
Simulated
Monthly

Flow
(cfs)

Lowest
Simulated
Monthly

Flow
(cfs)

Sheyenne River
Near Warwick

600 11 49 1421 0

Sheyenne River
Below Baldhill Dam

4000 0 102 2400 <1

Sheyenne River
Near Valley City

2500 3 110 2890 0

Sheyenne River
Near Lisbon

2250 5 130 3219 0

Sheyenne River Near
Kindred

2800 1 158 2990 0

Red River Near 
Fargo

3000 19 510 9848 0

Red River Near 
Halstad

15000 4 1297 20584 <1

Red River Near
Grand Forks

21000 8 2626 36148 0

Red River Near 
Emerson

26000 11 3537 72477 15

1. Pat Foley, Corps of Engineers – St. Paul District, Personal Communication.
2. Raines, 1998.
3. Rounded to the nearest whole cfs.
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Table 27:  Storage Activity for Run R30K50
Condition:  Year 2050 With Reclamation Demands

Storage Facility
Maximum

Storage
(acft)

Minimum
Storage
(acft)

Average
Monthly
Storage
(acft)

Months
below or at
Minimum
Storage

Maximum
Outflow

(cfs)

Minimum
Outflow

(cfs)

Average
Outflow

(cfs)

Lake Ashtabula
Combined Storage

66600 28000 59138 71 2400 0 102

Lake Ashtabula
(Fargo Portion)

37363 15708 32402

Lake Ashtabula
(West Fargo Portion)

999 420 863

Lake Ashtabula
(Grand Forks Portion)

20846 8764 19011

Lake Ashtabula
(Lisbon Portion)

400 668 378

Lake Ashtabula
(Valley City Portion)

6993 2940 6484

Maximum
Storage

Minimum
Storage

Average
Monthly
Storage

Lake Ashtabula
Combined Elevation

(feet)
1266 1257 1265

Lake Ashtabula
Combined Surface

Area
(Acres)

5550 3373 5222
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b.  Model Run P30K50:  Future year 2050 conditions under projected Participant city
demands with existing Lake Ashtabula operation plans in effect

Run P30K50 Description: This run simulated the Red River Valley under the same
operating conditions as in the above R30k50 run but with the exception that year 2050
Participant (demands estimated by the participating focus communities) demand conditions
were assumed in place (see Tables 6 and 7).  Lake Ashtabula was operated minimum at
elevation 1257 (a capacity of 28,000 acre-feet – also the starting capacity for the simulation). 
The maximum top of conservation capacity for the lake, allowing for sedimentation, was
66,600 acre-feet.  All other operational Ashtabula criteria were the same as in the 2050
Reclamation Demand Baseline simulation (run R30k50).

A summary of shortages, river flow activity and Lake Ashtabula activity for this run are
discussed below and are listed in Tables 28 through 31.  A more detailed listing of monthly
shortages by city can be found in Attachment H discussion of the run results follows.   

Run P30K50 Results: Under the conditions simulated by this model run, the year with
maximum shortages was 1934.  During this year, M&I city shortages were estimated to total
80,910 acre-feet.  Of these shortages 57,220 acre-feet were attributed to cities and 23,690
were from “other” industry including the Cargill plants.  City M&I shortages occurred in 46
of the 54 years to varying degrees.

Irrigation shortages were also noted for this study.  The worse case year (1934) for irrigation
totaled 14,280 acre-feet in shortages.  The average annual shortage for the 54-year simulation
was 1,590 acre-feet.   Shortages were observed in the basin each year. These irrigation
shortages should be viewed with caution.  They are representative of an attempt to meet
water right crop production each year.  In reality, during dry years, irrigators with junior
water rights may be forced to limit their irrigation levels to fewer acres.  Also, this analysis
does not consider lands placed out of production as part of a variety of soil conservation and
agricultural programs.  The irrigation portion of this study merely demonstrates a worse case
situation with maximum acreage under cultivation.

Lake Ashtabula proved to be a vital source of water under the conditions of this simulation. 
The reservoir provided water to meet most of the demands for Fargo, West Fargo, Lisbon,
Valley City, and Grand Forks during the 1930s drought.  In fact, Lake Ashtabula’s entire
conservation storage of 38,300 acre-feet was utilized during this period.  The lake reached its
minimum of 28,000 acre-feet in 80 months of the simulation  (approximately 12 percent of
the months).  The average monthly lake content for the 54-year simulation period was 58,520
acre-feet.  The average release from the lake was 102 cfs.  A maximum release of 2,400 cfs
(maximum operational level) and a minimum of less than one cfs were observed.  
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Table 28 - City Shortage Summary for Run P30K50
Condition:  Year 2050 With Participant City Demands

Drayton

East
Grand
Forks1 Fargo2 Moorhead3 Grafton

Grand
Forks2 Lisbon2, 4

Valley
City2

West
Fargo2

No. years with shortages: 1 0 13 10 2 1 2 3 13

Average annual shortage
for 54-year simulation
period (acre-feet):

1 0 6018 466 9 5 1 19 113

Average annual shortage
for years with shortages
(acre-feet):

321 0 24997 2514 240 270 40 350 470

Largest annual shortage
(acre-feet) and year:

320
(1937)

0 51130
(1934)

5340
(1934)

370
(1937)

270
(1937)

50
(1940)

680
(1940)

1140
(1940)

Largest shortage percent
of
  total surface water
demand
  (percent):

7.7 0 76.2 60.1 23.3 1.1 13.4 37.3 23.2

     1 East Grand Forks potentially could have shortages on the Red Lake River.  Since limited detail was included in the
model on the Red Lake River watershed, only shortages pertaining to the Red River of the North are listed.
     2 Fargo, Grand Forks, Lisbon, Valley City, and East Grand Forks storage shortages based on storage allocations as set
forth in the Thomas-Acker Plan (North Dakota State Water Commission [NDSWC] memorandum to Director, Hydrology
Division dated, November 27, 1992).
     3 The city of Moorhead is not supplied by Lake Ashtabula.  Shortages indicated are for the Red River only
     4 Although Lisbon is not one of the original "Participant communities" of this effort, the city did experience shared
storage and other shortages in several scenarios; therefore, it was included in this table for informational purposes.

Table 29: Industrial Shortage Summary for Run P30K50
Condition:  Year 2050 With Participant City Demands

Existing
Cargill
Plant 1

Wahpeton

Potential
New

Industry
Plant 2
Fargo

Potential
New Industry

Plant 3
Abercrombie

Potential
New

Industry
Plant 4
Drayton

Potential
New

Industry
Plant 5
Kindred

No. years with shortages: 25 32 32 5 47

Average annual shortage for 54-year
simulation period (acre-feet):

1201 1398 1463 93 962

Average annual shortage for years with
shortages (acre-feet):

2595 2359 2469 1000 1106

Largest annual shortage (acre-feet) and year: 6000
(1934)

6000
(1934)

6000
(1934)

1500
(1934)

4080
(1936)

Largest shortage percent of
  Total surface water demand  (percent):

92 92 92 25 68
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Table 30:  River Flow Activity for Selected Flow Point for Run P30K503

Condition:  Year 2050 Demands With Participant City Demands

Estimated
Non-

Damaging
Channel

Capacity1,2

(cfs)

Number
Of 

Months
Above

Channel
Capacity

Average
Monthly

Flow
(cfs)

Highest
Simulated
Monthly

Flow
(cfs)

Lowest
Simulated
Monthly

Flow
(cfs)

Sheyenne River
Near Warwick

600 11 49 1421 0

Sheyenne River
Below Baldhill Dam

4000 0 102 2400 <1

Sheyenne River
Near Valley City

2500 3 110 2890 0

Sheyenne River
Near Lisbon

2250 5 129 3219 0

Sheyenne River Near
Kindred

2800 1 158 2990 <1

Red River Near 
Fargo

3000 19 477 9805 0

Red River Near 
Halstad

15000 4 1290 20580 <1

Red River Near
Grand Forks

21000 8 2619 36129 0

Red River Near 
Emerson

26000 11 3529 72462 13

1. Pat Foley, Corps of Engineers – St. Paul District, Personal Communication.
2. Raines, 1998.
3. Rounded to nearest whole cfs.
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Table 31:  Storage Activity for Run P30K50
Condition:  Year 2050 With  Participant City Demands 

Storage Facility
Maximum

Storage
(acft)

Minimum
Storage
(acft)

Average
Monthly
Storage
(acft)

Months
below or at
Minimum
Storage

Maximum
Outflow

(cfs)

Minimum
Outflow

(cfs)

Average
Outflow

(cfs)

Lake Ashtabula
Combined Storage

66600 28000 58520 80 2400 <1 102

Lake Ashtabula
(Fargo Portion)

999 420 853

Lake Ashtabula
(West Fargo Portion)

20846 8764 18967

Lake Ashtabula
(Grand Forks Portion)

400 168 377

Lake Ashtabula
(Lisbon Portion)

6993 2940 6423

Lake Ashtabula
(Valley City Portion)

66600 28000 58520

Maximum
Storage

Minimum
Storage

Average
Monthly
Storage

Lake Ashtabula
Combined Elevation

(feet)
1266 1257 1265

Lake Ashtabula
Combined Surface

Area
(Acres)

5550 3373 5222
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